dentures were successfully constructed and for the first time for many months the patient was able to masticate.
He was put on massive doses of iron (iron and ammonium citrate 100 gr. per diem) and rapidly improved in health.
The haemoglobin content steadily rose until he was discharged on 14.3.36, when it registered 98%; red cells, 5,800,000. His weight was 4 st. 10 lb.-a gain of 10 lb. Summary-.I can do no better than quote Professor Witts: " It was concluded that the dental disease was the primary factor in the boy's illness and that the aneemia and slightly defective growth were secondary-the result of septic absorption and impaired nutrition from inability to chew. There was no evidence of any general affection of the skeleton or of the calcium metabolism, and the condition was not due to a metabolic disorder such as rickets or cceliac disease. It is noteworthy that the boy's mother had premature dental decay. The boy's teeth were brown on eruption and rapidly decayed. The basic condition is therefore probably an hereditary agenesia of the enamel such as that described by Cockayne." I I am extremely grateful to Professor Witts for permitting me to publish this case. Postscript.-The term "agenesia of the enamel" is rather mi-sleading-strictly speaking "agenesia" would signify complete absence. There is no suggestion in this case that the enamel was completely absent-merely that its structure was faulty, and so led to early caries. Cockayne in his book associates hypoplasia with agenesia of the enamel, but, as Dr. Sprawson has pointed out, hypoplastic teeth, though stained and ill-formed, are often very resistant to caries. In this case the enamel was obviously present; it was soft and in places could almost be scraped off.
I regret that microscopical sections of the teeth were not taken, but I doubt if they would have disclosed anything of value. The term " partial agenesia of the enamel" would more accurately describe this case.
Since reading this paper, I have had two further cases of apparent absence of enamel in milk dentitions.
[Ma,y 1 an2d 2, 1936] JOINT MEETING WITH THE ODONTOLOGICAL SECTION OF THE BIRMINGHAML MEDICAL INSTITUTE Some Considerations of the Pathology and Treatment of Dental Infections of the Antrum By C. N. STRONG, F.R.C.S., L.D.S. IN 1933, when I was working at the Birmingham General Hospital under the direction of Mr. Musgrave Woodman, he called my attention to the anmesthesia of the teeth below the bony incision in the radical antrum operations. It was after this that I noticed the teeth did not change or become discoloured as devitalized teeth are so prone to do. It therefore seemed likely to us that these teeth might be only denervated and not devitalized. This was the origin of my paper published in 1934.2 After examining specimens I thought that if I injected tooth-sockets with a radio. opaque solution such as lipiodol, and X-rayed the specimens, I should be able to trace out the bony canals which conveyed the blood-vessels to all the structures of the upper jaw. I inserted a hypodermic needle into the tooth-socket, cemented this with a radio-transparent cement, and then injected lipiodol. The results bring out several facts:
(1) The arteries on the outer and lateral walls of the antrum form a plexus, or network.
(2) The tooth sockets are very intimately connected one with another by the vascular plexus.
(3) The vessels to the teeth are in the mucosa in many cases for the first half of their course, and only in the latter half are they in bony canals-sometimes not even that.
(4) The blood supply of the antrum and that of the teeth are inseparable-a very important point.
A patient was taken who had had a radical operation performed on the antrum which had rendered a tooth beneath the bony socket insensitive. In view of the plexus demonstrated by these injections I thought this tooth could not be dead, although it was insensitive to any stimulus of heat, percussion, or electricity. I therefore removed the tooth and cut sections of the pulp. The pulp contained normal blood-vessels full of blood, thus proving that the teeth can have their nerve supply severed by an incision in the antral wall and yet remain alive by a collateral circulation.
There are two points worthy of mention here. Firstly, antral pain is often referred all the way along the upper jaw to many teeth, without those teeth being the source of infection. Secondly, whilst washing out antra by the Watson-Williams method, I have noted that when I withdrew the piston of the syringe and produced a negative tension in the antra, the patients complained of toothache, and continued to complain as lODg as I kept up the negative pressure; when I allowed the piston to recoil, their pain diminished and in a few seconds was gone. This is a clear proof that negative intra-sinus pressure produces dental pain, a point which I am sure plays some part yet to be determined in the symptom-complex of antral disease. In a case of antral disease not due to infected teeth, treatment of the sinus may at once alleviate all pain in the teeth.
It seems that a vacuum in the frontal sinus produces headache, but a negative pressure in the antrum produces toothache as well as headache. This is a pitfall of which we must beware. Well do I remember a patient who came to me complaining of upper jaw pain. Her dentist said she was " all right," but on account of a doubtful-looking skiagram I washed out the antrum. The ostium was closed; there was no pus, but immediately after I had established ventilation, her dental pain had gone. At the time I did not quite realize the importance of this case or I would certainly have followed it up, but now my mind opens to the probability that I may have missed similar cases. This case was just labelled "antrum clear," but that was only a very superficial observation, as I fully realize. At the next opportunity I am going to put a water manometer on the syringe and try to find out what negative pressure causes the pain-in other words, the pain threshold, and see if that is commensurate with inspirational negative pressures. Theresult should be interesting. We certainly have an anatomical basis for our observation. The mucosa of the antrum is composed of three layers-a layer of ciliated cells interspersed with goblet cells, resting on a basement membrane, below this a tunica propria, a loose fibro-elastic structure which becomes more dense nearer the bone, and the periosteum. This is the defence mechanism of the antrum, and here we must pause a little to study ciliary action. We are all familiar with cilia, but their action has been very carefully studied by Proetz (St. Louis), Negus, and Lowndes Yates. The cilia were shown by Proetz and others to beat rapidly towards the same direction, but the idea of one continuous wave is erroneous. Different wavelets start in different places and are equally extinguished. The cilia are protected by a thin mucous blanket, which is extremely tenacious and on the surface of which particles are wafted along in the opposite direction to the wave motion.
It has also been held that accumulations of pus cause ciliary paralysis, but recently it has been shown that cilia may be living and beating rapidly in a sea of pus (Proetz). The first line of defence has been overwhelmed and the infection has spread into the submucosa, which has become unhealthy although the cilia are still alive. The belief that, once removed, cilia are never regenerated also appears to be somewhat exaggerated. It was proved by Knowlton, McGregor, Coates, and Sonndorf in 1928-1930 , that cilia could be regenerated.
These facts may seem remote from dentistry, but in discussing infection of this air cell we must know much of its physiology, and when infection has reached the maxillary antrum it ceases to be purely dental. I will, therefore, describe briefly the physiology of this cavity from yet another angle. Mr. J. F. O'Malley has recently shown that in health there is a negative pressure in the antrum during inspiration and a positive one during expiration. These he finds are not equal; the negative pressure during inspiration is greater in the ratio of 6: 4 than the positive pressure during expiration and he has issued a dictum that: "The effect of inspiration on the air-pressure in the sinuses is the last to disappear and that of expiration the first to fail." He found that as the ostium of a sinus closed, the oscillograph obtained showed a gradual diminution of the positive phase of the pressure. Later this disappeared and we were left with a pressure never rising above normal. Later still, as the ostium was completely closed, the graph became a straight line. Oscillographs were taken in various states of the antrum and the results summarized. As the ostium in the nose closed, so the graph of intra-antral pressure altered, and as the negative pressure persisted longer than the positive, the effect was like that of a cupping-glass, disarranging the normal physiology of the nasal mucosa and giving rise to polypoid formations. We see from the foregoing that the antrum, far from being a simple receptacle or air-cell, is really a cavity, the health of which depends on several diverse factors.
Turning to the more dental side of the problem: The routes of infection of the antrum are probably twofold. The usual route is well known, namely the sequence of caries, pulpitis, apical granuloma, apical *abscess, antral infection. I feel, however, with Mr. Herbert Tilley and others, that there is another route, and that is up the neck of the tooth where a creeping infection gradually involves the antral floor. Thus we have antral infection as a result of periodontitis. If one examines the superior maxilla from the point of view of the relationship of the teeth to the antra there appear to be three types. In the first type the teeth are well below the antral floor and there is a thick intervening stratum of bone between the floor of the antrum and the apices of the teeth. In the second type this stratum is very much thinner, and the roots of the teeth capped by a layer of fairly compact bone, form mounds on the antral floor. In the third type the roots are only covered in their apical portion by the thinnest possible layer of bone, or by no bone at all. In the first type infection of the antrum occurs via the pulp, and the formation of an apical abscess which ulcerates into the antrum. Periodontal infection is not prone to occur in this type. In the second type infection may occur either through the pulp or from a periodontitis owing to the bone being thin. In the third type a similar state obtains, except that the peridental membrane is in much closer proximity to the antral mucosa and therefore on anatomical grounds the infection is much more likely to spread from that membrane to the air cell. In type two, on extraction of the tooth a small piece of bone may adhere to the roots, and the antrum is thus opened. In type three the antrum is nearly always opened when the tooth is extracted, and in many cases nothing is known of the occurrence.
In 1903 Mr. Tilley suggested that this periodontal infection did cause infection of the antrum, but found at that time a divergence of opinion. Hajek of Vienna now considers that this is possible, and I think that I have also seen a case.
Symptomns.-The symptoms of dental infection of the antrum are varied. Briefly, the cases fall into four types.
In the first type the symptoms may be very few, merely a sense of heaviness, vague headaches, and general malaise. The patient feels off colour, and in many cases the condition of the antrum is discovered on a routine examination for a septic focus for some other condition.
In the second type the symptoms are more acute. They begin with toothache, usually referable to one tooth, and this pain may or may not be present at the time of examination. Accompanying or following this dental pain, is pain of another type, usually a dull throb or ache, localized to the region of the cheek and often worse at night. The patient may give a history of toothache which suddenly disappeared, its place being taken by an indefinite sense of aching or pain in that side of the head, followed shortly afterwards by a feeling of fullness in the same side of the nose, and perhaps discharge. This is the type, I think, in which there is an osteitis of the alveolus and the bony sinus wall. The relief of pain is due to the abscess bursting into the antrum, and the subsequent sense of fullness is probably due to the reaction of the antral mucosa to this sudden influx of septic material and probable swelling of the ostium, making the antrum a closed cavity.
The third type is chronic, often referred by physicians for investigation of the sinuses for headache or neuralgia. In the past these patients have had toothache, but they have forgotten it. On close questioning they may admit that this headache of which they complain did start from pain in the teeth, but they did not associate the two conditions. They get relief when a certain amount of discharge has been blown down the nostril of the same side, and they complain of a constant cold in that side of the head.
The fourth type is very closely allied to the third. In these cases there is complaint of a persistent nasal catarrh, sometimes painless, and sometimes accompanied by aching. This aching may be over the antrum or it may be over the frontal sinus. Often there is some obstruction to the nose on that side, and a nasal examination shows a sinusitis. The last two types are associated with a fistulous track leading from an apical abscess into the antrum. The antrum is constantly reinfected, giViDg rise to the so-called nasal catarrh; this causes swelling of the mucosa beneath the middle turbinate bone with obstruction of the ostia of other sinuses, thus accounting for headaches referable to other regions.
Perhaps one may add yet another type in which the patient has had a cold and all the sinuses have cleared up except the antrum, and this obstinately refuses to resolve although operative measures may have been taken for its relief. This persistence is due to an overlooked source of infection of dental origin masked by generalized sinusitis, primarily nasal.
Signs.-There may be no evidence on palpation or inspection that dental infection of the antrum has occurred. One may find that a tooth is dead and septic, but without certain aids one is unable to say that the antrum is infected without concomitant symptoms, for even nasal signs may be lacking. A tender swelling and cedema may be present over the root of a tooth and the antrum uninfected. On palpation the outer wall of the antrum may be tender to deep firm pressure, and this sign is valuable. Pus in the middle meatus of the nose is also of value, but not a certain sign of antral involvement. CEdema of the lower eyelid and swelling over the outer wall of the antrum are not necessarily signs of dental infection of the antrum. During the last two years I have seen five patients with these signs sent to hospital as cases of acute antral infection, possibly of dental origin. Two had nasal furuncles, two had apical abscesses, and the last was a case of facial erysipelas over the antrum. In this last case the antra contained pus, streptococcal on culture. It would be all interesting to know if others have met similar types of case in which the antrum of the same side was the only sinus affected.
The value of transillumination is assessed differently by various observers. A dull antrum on one side only is strong presumptive evidence of past or present disease. Dullness of both antra is of less significance, and I do not think that if both antra are clear, this fact rules out infection. The limit of error in transillumination given by some authors is 20%, and I believe this to be true. Radiology is, I think, of greater value. If we combine these two tests the limit of error in diagnosis is less than 5%. The last diagnostic measure is that of antral lavage, and this, carried out by the indirect method of Watson-Williams, under local ansesthesia, is a simple operation, and in skilled hands is devoid of risk. The amount of pus obtained is not an index of the severity of the infection; Mr. Musgrave Woodman showed me, three years ago, an antrum in a very toxic patient, the washout of which was only a little turbid, but was teeming with haemolytic streptococci.
Treatment.-The treatment of dental infection of the antrum is divisible into two parts: Firstly the treatment of the antral infection, and secondly the treatment of its dental cause. Cases are divisible into three types.
The first type includes those cases in which, on extraction of the tooth, the antrum has been opened and there is, if any, a very mild degree of antral infection. This type is best treated by making a small vulcanite plate to fit over the fistula-but not in any way to fit into it-and by washing out the antrum by the nasal route. The fistula will usually close spontaneously or become so small that a little cautery will cause it to granulate.
The second type includes those cases in which there is a purulent infection of the antrum, kept up by dental sepsis. They should be treated in the same way as the first type, except that it is desirable to wash out the antra more frequently. If this fails they pass into the third type, in which there is a persistent suppuration kept up by alveolar necrosis, or heavy infection of the antral mucosa. The only treatment for these is the radical antrum operation of Caldwell-Luc. In this operation the antrum is opened through the canine fossa and its interior carefully inspected. Grossly diseased mucosa and areas of bony necrosis are removed. An adequate opening is made beneath the inferior turbinate bone for drainage and subsequent lavage. If the fistula into the mouth is very large, a plastic operation must be undertaken for its repair. In all types a small plate must be made which is removable, and which will fit over the fistula and not into it in the form of a plug. As the alveolus shrinks this plate must be modified.
From the foregoing it will be seen that there are two quite distinct conditions to be treated in these cases, the dental sepsis and the antral sepsis. The dental sepsis is usually removed when the tooth is extracted; if not, it is removed at a subsequent antrum operation. The antral sepsis is treated by allowing for free nasal ventilation and free nasal drainage. The drainage by the alveolar fistula is inadequate and harmful, and should not be allowed to persist. The mouth must he shut off from the antrum, as this cavity is used to dealing with infection from the nose but it is not accustomed to a constant influx of septic material from the buccal cavity. For this reason the vulcanite plate is used, but this plate must have on its inner surface no projection into the tooth socket which would prevent this from closing.
It will be noticed that I have omitted endonasal operations as a curative measure in these cases. This is because I believe that cases which are bad enough for this measure should have a radical operation in order to give the adequate inspection and treatment of the antral cavity which is afforded by this operation. In order to conform with the title I have limited this paper to dental infections, and have not discussed antral disease in general, neither have I entered into a discussion on dental cysts or osteomyelitis of the upper jaw in which the antrum may be implicated.
These are cases, which I am sure you will agree, require very special surgical treatment, and demand a paper of their own. It seems apparent in the light of research and knowledge that antral suppuration must be regarded as an infection of a nasal chamber, and the normal nasal physiological requirements must be satisfied even though the infection did not primarily occur through a nasal route. The treatment of dental infection of this cavity, therefore, must be regarded primarily from a nasal angle. It is not my intention to minimize the importance of the dental side of the problem, but merely to emphasize in no uncertain manner that these dental infections must receive adequate rhinological treatment for their complete resolution. Proceedings' in which we (Round and Kirkpatrick) drew attention to sequelse following injection anesthesia in the mouth, recording a bacteriological investigation based on original work carried out by Round and Broderick in 1924 and published in the British Dental Journal, 45, 27. This paper will deal with a further investigation into injection ancesthesia and also tne infectivity of the crypts of unerupted teeth, residual areas, root apices and cysts, as well as an investigation into the occurrence of bacteriemia following mastication in persons suffering from oral sepsis.
A further 90 cases have been investigated in connexion with injection aniesthesia, and in all these infiltration anesthesia was employed, this being considered to be the commonest method in use. In our previous paper, we stated that the sequelh which occasionally follow injection anesthesia in the mouth for the purpose of the extraction of teeth varied very much as to their severity, sometimes only amounting to pain and swelling, or a subsequent neuralgia; but sloughing of the soft tissues, osteitis, necrosis, and even osteomyelitis may occur. The necessity for drawing attention to these sequele again and for investigating the cause is still in existence for one is continually called upon to treat these more or less serious conditions at Hospital.
The technique employed during the present investigation was the same as that elaborated during our last series. Briefly it was as follows:-(a) The syringe and needle were sterilized by boiling and the syringe filled from a sterile ampoule.
(b) The unsterilized injection area was swabbed and the swab plated out on sterile blood-agar.
(c) The syringe needle was immersed into a tube of broth medium, to control sterility of needle.
(d) A few drops of injection fluid were injected into a second tube of broth medium, to control sterility of injection fluid.
(e) The syringe and needle were held inside the patient's mouth for one minute, and then immersed into a third tube of broth medium, to control droplet contamination.
(J) The injection area was sterilized with a 2i% solution of iodine in spirit, a pad of sterile gauze wrung out in the iodine solution being left in position for a little more than a minute. A swab was now taken of this sterilized area and inoculated into a fourth tube of broth. the iodined pad remaining in position after the swab was taken.
(g) The sterile pad was lifted and the injection carried out, the needle being afterwards immersed into a fifth tube of broth.
